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1. INTRODUCTION {#eci13041-sec-0005}
===============

The use of predictive markers in the ageing population at risk is getting more important. Older patients represent a vulnerable population group with a particularly high prevalence of co‐morbidities and mortality.[1](#eci13041-bib-0001){ref-type="ref"} Cardiovascular (CV) disease is the leading cause of death and disability among these patients; however, robust biomarkers are not generally established.

Plasma asymmetric dimethylarginine (ADMA) is an endogenous inhibitor of nitric oxide (NO). ADMA and its symmetric isomer SDMA are novel predictors for CV disease, chronic kidney disease and mortality.[2](#eci13041-bib-0002){ref-type="ref"} N‐terminal pro‐brain natriuretic peptide (NT pro‐BNP) provides prognostic information for CV events and mortality in the older patients.[3](#eci13041-bib-0003){ref-type="ref"} C‐reactive protein (CRP) is a sensitive acute phase reactant and is used as prognostic marker in patients with CV disease.[4](#eci13041-bib-0004){ref-type="ref"}, [5](#eci13041-bib-0005){ref-type="ref"} These cardiac risk markers as well as body mass index (BMI) have emerged as promising tools for risk estimate of older patients,[6](#eci13041-bib-0006){ref-type="ref"}, [7](#eci13041-bib-0007){ref-type="ref"} but have not been established in geriatric care.

Since limited trial data are available for the combined use of CV risk markers in an older population, we aimed to investigate the prognostic value of age, sex, BMI, co‐medication and CV laboratory risk markers in long‐term geriatric care patients aged ≥65 years.

2. MATERIALS AND METHODS {#eci13041-sec-0006}
========================

The study protocol was approved by the Ethics Committee of the Medical University of Vienna (EK 511‐2008) and conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained before study entry from all patients or their legal representatives, respectively.

2.1. Study protocol {#eci13041-sec-0007}
-------------------

In this prospective observational single‐centre cohort study all long‐term geriatric care residents of the Haus der Barmherzigkeit Vienna, Austria were screened for eligibility between 14.09.2009 and 16.12.2009. All patients who were hospitalized for at least 1 month in geriatric care were included. Patients with symptomatic heart failure were excluded. The observation period was defined with a maximum of 90 months and mortality was identified from the public register of death certificates. Demographic data including age, sex, admission diagnosis, height and weight were collected. ADMA, SDMA, L‐arginine, NT pro‐BNP and CRP were determined at study entry from leftovers of routine venous blood samples. Plasma was separated after centrifugation and stored at −80°C until batch analysis.

2.2. Laboratory assays {#eci13041-sec-0008}
----------------------

Quantification of arginines was performed by high‐performance liquid chromatography (HPLC) as described previously.[8](#eci13041-bib-0008){ref-type="ref"} The coefficients of variation for inter‐ and intra‐assay variations are \<3% for all analyses. The detection limit for (methyl‐) arginines is 0.04 μmol/L. NT pro‐BNP measurements were performed according to standard procedures using an assay by Roche Diagnostics (Eleccsys^®^ NT pro‐BNP, Cobas, Rotkreuz, Switzerland). The analytical sensitivity of the kit is 0.063 ng/mL, assay range 0.31‐10 ng/mL, and the intra‐assay CV is 5.5%. Serum levels of CRP were quantified using a Human Solid Phase Sandwich ELISA from R&D Systems (Wiesbaden, Germany) with a lower limit of quantification of 0.1 mg/dL.

2.3. Statistical analysis {#eci13041-sec-0009}
-------------------------

Metric variables are expressed as mean, and standard deviation (SD). Simple associations of risk factors for survival period were explored by Spearman correlation coefficient. Only data from patients with full set of laboratory CV risk parameters were used. Significant univariate predictors for survival period were used in the Cox proportional hazard model. In this model, significant variables were determined by backward selection. In all analyses a *P*‐value of \<0.05 was considered significant. All statistical calculations were performed using SPSS Version 19.0 (SPSS Inc., Chicago, IL, USA).

3. RESULTS {#eci13041-sec-0010}
==========

In total, 481 patients were screened for eligibility and data from 449 patients aged between 65 and 105 years were available for analysis (Figures [1](#eci13041-fig-0001){ref-type="fig"} and [2](#eci13041-fig-0002){ref-type="fig"}). Baseline characteristics are presented in Tables [1](#eci13041-tbl-0001){ref-type="table"} and [2](#eci13041-tbl-0002){ref-type="table"}. A total of 381 patients died during the observation period of 90 months. The cumulative survival of female and male patients is presented in Figure [3](#eci13041-fig-0003){ref-type="fig"}.
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###### 

Baseline characteristics

  ---------------------------------- ------------
  Female/male                        357/92
  Age years (mean ± SD, n = 449)     84 ± 8
  BMI kg/m^2^ (mean ± SD, n = 444)   24.0 ± 8.0
  ---------------------------------- ------------

                                             Number of patients (%)
  ------------------------------------------ ------------------------
  Atherosclerotic co‐morbidity (n = 449)     
  Coronary artery disease                    320 (71%)
  Peripheral artery disease                  409 (91%)
  History of stroke                          335 (75%)
  Co‐medication (n = 449)                    
  Antidiabetic medicines                     337 (75%)
  ACE‐inhibitors                             289 (64%)
  Beta‐blockers                              378 (84%)
  Calcium antagonists                        381 (85%)
  Loop diuretics                             357 (79%)
  Other diuretics                            426 (93%)
  Proton pump inhibitors                     183 (41%)
  Anticoagulation therapy                    163 (36%)
  Selective serotonin re‐uptake inhibitors   264 (59%)
  Other antidepressants                      271 (60%)
  Anxiolytic and hypnotic medicines          308 (69%)
  Neuroleptic medicine                       262 (58%)
  HMG‐CoA‐Reduktase‐Inhibitor (n = 316)      70 (22%)
  Antiplatelet therapy (n = 316)             166 (53%)
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###### 

Laboratory CV risk parameters. Data presented as mean and standard deviation

                                                                   Female        Male
  ---------------------------------------------------------------- ------------- -------------
  L‐arginine (μmol/L)[a](#eci13041-note-0001){ref-type="fn"}       66.0 ± 19.6   65.0 ± 18.9
  ADMA (μmol/L)[a](#eci13041-note-0001){ref-type="fn"}             0.8 ± 0.2     0.7 ± 0.2
  SDMA (μmol/L)[a](#eci13041-note-0001){ref-type="fn"}             1.4 ± 0.5     1.2 ± 0.4
  NT pro‐BNP (pg/mL)[a](#eci13041-note-0001){ref-type="fn"}        235 ± 258     233 ± 415
  CRP (mg/dL)[a](#eci13041-note-0001){ref-type="fn"}               1.1 ± 2.2     1.2 ± 1.5
  Erythrocyte count (T/L)[b](#eci13041-note-0002){ref-type="fn"}   4.1 ± 0.6     4.3 ± 0.6
  Haemoglobin (g/dL)[b](#eci13041-note-0002){ref-type="fn"}        11.9 ± 1.5    12.9 ± 1.7
  Creatinine (mg/dL)[b](#eci13041-note-0002){ref-type="fn"}        1.0 ± 0.5     1.1 ± 0.7
  Total protein (g/dL)[c](#eci13041-note-0003){ref-type="fn"}      6.8 ± 4.2     6.7 ± 0.8

n = 344 (female n = 271, male n = 73).

n = 358 (female n = 287, male n = 71).

n = 314(female n = 248, male n = 66).
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3.1. Association of age, sex, BMI, and CV risk parameters with mortality {#eci13041-sec-0011}
------------------------------------------------------------------------

Full data sets including laboratory assessments, diagnosis and treatment from 344 patients (271 female, 73 male patients) were used for the Cox regression analysis. Male gender \[*P* \< 0.05; 95%CI 1.1‐2.1\], older age \[*P* \< 0.001; 95%CI 1.0‐1.1\], lower BMI \[*P* \< 0.05; 95%CI 0.9‐1.0\], elevated plasma concentrations of ADMA \[*P* \< 0.05; 95%CI 1.0‐3.5\], and NT pro‐BNP \[*P* \< 0.001; 95%CI 1.0‐1.0\], and CRP \[*P* \< 0.001; 95%CI 1.1‐1.2%\] were significant predictors for overall mortality. SDMA \[*P* = 0.820; 95%CI 0.8‐1.4\] and L‐arginine \[*P* = 0.19; 95%CI 1.0‐1.0\] were not associated with overall mortality.

3.2. Association of medication and co‐morbidity with mortality {#eci13041-sec-0012}
--------------------------------------------------------------

Neuroleptic medicine was a significant predictor \[*P* \< 0.05; 95%CI 1.0‐1.6\] for mortality. Peripheral artery disease was significantly associated with mortality \[*P* \< 0.05; 95%CI 1.1‐2.6\]. There was no correlation between other medications or co‐morbidities with mortality.

4. DISCUSSION {#eci13041-sec-0013}
=============

This prospective observational longitudinal cohort study reveals two major findings from long‐term geriatric care patients. Our first major finding indicates that increased CV risk markers including ADMA, NT pro‐BNP, CRP and BMI are associated with mortality in this older population. Mean plasma concentrations of ADMA and SDMA were higher than those of patients with diabetes, COPD or cardiovascular disease using the same analytical method. Concentrations of L‐arginin, which are influenced by protein intake, were lower in the elderly patients under study compared with our previous observation in other group of patients.[9](#eci13041-bib-0009){ref-type="ref"}, [10](#eci13041-bib-0010){ref-type="ref"}, [11](#eci13041-bib-0011){ref-type="ref"}, [12](#eci13041-bib-0012){ref-type="ref"}, [13](#eci13041-bib-0013){ref-type="ref"}, [14](#eci13041-bib-0014){ref-type="ref"}, [15](#eci13041-bib-0015){ref-type="ref"}, [16](#eci13041-bib-0016){ref-type="ref"}, [17](#eci13041-bib-0017){ref-type="ref"}, [18](#eci13041-bib-0018){ref-type="ref"}

The statistical correlation between increased ADMA plasma concentration and mortality in older patients is in agreement with the Framingham heart study and a previous study conducted in older patients in Italy.[2](#eci13041-bib-0002){ref-type="ref"}, [6](#eci13041-bib-0006){ref-type="ref"} ADMA is an endogenous inhibitor of NO synthase and affects endothelial function, blood pressure and vascular remodelling by reducing NO production.[19](#eci13041-bib-0019){ref-type="ref"} Increased ADMA plasma concentration has been shown to be associated with increased overall mortality in the general population.[2](#eci13041-bib-0002){ref-type="ref"}, [20](#eci13041-bib-0020){ref-type="ref"} Furthermore, there is an association between elevated ADMA plasma concentration and increased risk of CV events,[16](#eci13041-bib-0016){ref-type="ref"} and disease progression in patients with diabetes and kidney disease.[12](#eci13041-bib-0012){ref-type="ref"}, [21](#eci13041-bib-0021){ref-type="ref"}

L‐arginine is the substrate of the NO synthase. In the present study, we could not demonstrate a predictive role of L‐arginine plasma concentration on patients survival. Furthermore, in contrast to previous studies, we could not detect a relationship between L‐arginine and ADMA.[6](#eci13041-bib-0006){ref-type="ref"}, [22](#eci13041-bib-0022){ref-type="ref"} One should note that the association between L‐arginine as NO‐synthase substrate and the endogenous antagonist of ADMA was not related to CV mortality.[6](#eci13041-bib-0006){ref-type="ref"} The absence of this association has also been reported in a previous longitudinal population‐based cohort study conducted in patients aged above 65 years.[2](#eci13041-bib-0002){ref-type="ref"}

Elevated NT pro‐BNP plasma concentration was also associated with mortality in the older population under study. This is in agreement with a previous data reporting the predictive value of NT pro‐BNP for long‐ and short‐term mortality in older patients with CV diseases.[23](#eci13041-bib-0023){ref-type="ref"} However, the use of NT pro‐BNP in older patients has been discussed controversially, due to the correlation between natriuretic peptide plasma concentration, gender and age.[24](#eci13041-bib-0024){ref-type="ref"}, [25](#eci13041-bib-0025){ref-type="ref"} In contrast, the present study shows the independent predictive value of elevated NT pro‐BNP plasma concentration for mortality, regardless of gender and age.

Furthermore, our results confirm the prognostic role of elevated CRP plasma concentrations in this cohort of patients. The association between CRP plasma concentration and survival is well established in CV diseases.[26](#eci13041-bib-0026){ref-type="ref"} Elevated plasma CRP is also associated with increased mortality in patients with type II diabetes,[27](#eci13041-bib-0027){ref-type="ref"} cancer[28](#eci13041-bib-0028){ref-type="ref"} and also in the general population.[26](#eci13041-bib-0026){ref-type="ref"} Our results are consistent with previous studies, which reported an increased mortality in patients with elevated plasma CRP and low BMI.[29](#eci13041-bib-0029){ref-type="ref"}

Low BMI was also associated with increased mortality in our observation. This is in agreement with the Health ABC study, which showed an increased mortality and mobility disability risk with weight loss in older patients.[30](#eci13041-bib-0030){ref-type="ref"} There are different approaches to explain the role of BMI in patients outcome and its association with mortality, especially in older population.[31](#eci13041-bib-0031){ref-type="ref"}, [32](#eci13041-bib-0032){ref-type="ref"} Previous studies have reported an inverse association between BMI and NT pro‐BNP plasma concentration.[33](#eci13041-bib-0033){ref-type="ref"}, [34](#eci13041-bib-0034){ref-type="ref"}, [35](#eci13041-bib-0035){ref-type="ref"} Female sex and waist circumference have been revealed as dependent variables for NT pro‐BNP plasma concentrations.[36](#eci13041-bib-0036){ref-type="ref"} In the present study, we did not confirm this correlation between BMI and NT pro‐BNP, despite the large numbers of female patients in our cohort. The correlation between BMI and NT pro‐BNP plasma concentration seems to be rather complex and requires further investigation.

Our second major finding is that use of neuroleptic medicine is an independent predictor for mortality in the elderly. Neuroleptic medications are used for the treatment of schizophrenia, psychotic disorders, and in some cases there is an off‐label use for treatment of behavioural and psychological symptoms of dementia in nursing homes.[37](#eci13041-bib-0037){ref-type="ref"}, [38](#eci13041-bib-0038){ref-type="ref"} The US Food and Drug Administration as well as the European and national drug agencies have raised concerns about side effects in the older population, especially in patients with dementia.[39](#eci13041-bib-0039){ref-type="ref"}, [40](#eci13041-bib-0040){ref-type="ref"} A recent study recommends to avoid neuroleptic medicines in an older population.[41](#eci13041-bib-0041){ref-type="ref"} In the present cohort, over 50% of patients received neuroleptic medicines, and this number seems to be very high, given the fact that all these patients received these medication under continued medical supervision.

Increased mortality has been reported in patients with CV diseases including arrhythmia, venous thromboembolism and stroke due to drug‐drug interaction between neuroleptic, antipsychotic and CV medicines.[41](#eci13041-bib-0041){ref-type="ref"}, [42](#eci13041-bib-0042){ref-type="ref"} In the present study, over 80% of our patients received concomitant beta‐blocker and calcium antagonists, and over 60% psychotropic medicine. We cannot exclude that this co‐medication has an impact on the increased mortality in users of neuroleptic medicine. Around 70% and 90% of elderly patients had a diagnosis of coronary artery disease and peripheral artery disease, respectively. Of note, only a small number of patients received statin therapy.

4.1. Limitation {#eci13041-sec-0014}
---------------

The present study had a prospective design and included a large and well‐characterized older population, which was observed for the occurrence of death for a maximum of 90 months. However, our study has several limitations. The first limitation is that CV risk parameters were measured at study entry, but not during the observational period. Possible changes in biomarkers related to disease progression are therefore not accounted for in our prognostic model. Another limitation is that severity of dementia diagnosis in this cohort of patients was not available.

This prospective observational longitudinal cohort study demonstrates that the cardiovascular risk markers ADMA, NT pro‐BNP and CRP are associated with overall mortality in geriatric care patients. Chronic use of neuroleptic medicine use is associated with mortality in older population.
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